Acetoacetanilide derivatives 1a-c reacted with either malnonitrile or ethyl cyanoacetate and elemental sulfur to give the thiophene derivatives 3a-f. The reactivity of 3a towards some chemical reagents to give thiophene, theino[2,3-b]pyridine, thieno[2,3-c]pyrimidine and coumarin derivatives was studied. The anti-tumor evaluation of the newly synthesized compounds against the three human tumor cells lines namely breast adenocarcinoma (MCF-7), non-small cell lung cancer (NCI-H460) and CNS cancer (SF-268) showed that compounds 8a, 8b and 14 exhibit higher inhibitory effects towards the three tumor cell lines than the positive control doxorubicin.
Introduction
Thiophenes represent many naturally occurring and designed molecules responsible for a diverse range of biological responses [1] - [6] recently; substituted thiophenes [7] [8] are often representing a class of important and well-studied herterocycles [9] . The interest in this kind heterocycles has spread from early dye chemistry [10] to modern drug design [11] biodiagnostics [12] , electronic and optoelectronic devices [13] , conductivity-based
Results and Discussion
Herein, in continuation to extend our research on anticancer heterocyclic derivatives with high inhibitory effect towards some cancer cell lines, we report the synthesis of new thiophene derivatives starting from acetoacetanilide. Thus, acetoacetanilide derivatives 1a-c reacted with either malononitrile (2a) or ethyl cyanoacetate (2b) and elemental sulfur in refluxing 1,4-dioxane containing triethylamine to give the thiophene derivatives 3a-f, respectively (cf. Scheme 1). The structures of the latter products were confirmed on the basis of analytical and spectral data (cf. Experimental Section).
Encouraged by the excellent yield for 3a, we next investigated the ability compound 3a to form thiophene derivatives with potential antitumor activity. Thus, compound 3a condensed with benzaldehyde (4) to give the benzylidene derivative 5. Moreover, it reacted with acetic anhydride (6) in the presence of acetic acid to give the N-acetyl derivative 7.
On the other hand, compound 3a reacted with either malononitrile (2a) or ethyl cyanoacetate (2b) in 1,4-dioxane containing triethylamine to give the thieno [2,3-b] pyridine derivatives 8a and 8b, respectively. The analytical and spectral data of the latter products were in agreement with the proposed structures (cf. ExperiScheme 1. Synthesis of compounds 3a-f, 5 and 7. mental Section). On the other hand, the reaction compound 3a with either mallononitrile (2a) or ethyl cyanoacetate (2b) in an oil bath at 120˚C in the presence of ammonium acetate gave the Knoevenagel condensated products 9a and 9b, respectively. The reaction of compound 3a with phenyl isothiocyanate (10) in the presence of triethylamine gave the thieno [2,3-d] pyrimidine derivative 11. The analytical and spectral data of compound 11 were in agreement with the proposed structures (cf. Experimental Section).
The 2-amino group present in compound 3a is capable for diazotization and coupling reaction. Thus, the reaction of a cold solution of 3a (AcOH/HCl) with sodium nitrite solution gave the non-isolable diazonium salt 12. The latter coupled with acetylacetone (13) to give the hydrazone derivative 14. The analytical and spectral data were in agreement with the proposed structure (cf. Scheme 2). Encouraged by the excellent results, we next investigated the ability of compound 3a to form amide derivatives. Thus, the reaction of compound 3a with ethyl cyanoacetate (2b) in the presence of dimethylformamide gave the amide derivative 15. The analytical and spectral data of compound 15 was the basis of its structure elucidation (cf. Experimental Section).
The excellent yield of compound 15 encouraged us to study its reactivity towards some chemical reagents. Thus, compound 15 reacted with benzaldehyde (4) to give the benzylidene derivative 16. Moreover, the reaction of 15 with salicylaldehyde (17) gave the coumarin derivative 18. Several coumarin derivatives were reported through literature using similar reaction routes [19] - [21] .
On the other hand, the reaction of compound 15 with malononitrile (2a) and elemental sulfur gave the thiophen-2-yl derivative 19. Analytical and spectral data of the latter product are in agreement with the proposed structure (cf. Scheme 3)
Compound 15 containing an active methylene group is capable of formation of thiophene derivatives. Thus, compound 15 reacted with phenylisothiocyanate (10) in DMF/KOH solution to give the corresponding nonisolable potassium sulphide salt 20. The reaction of compound 20 with α-haloketones 21a-c, gave the thiophene derivatives 22a-c respectively.
The reaction of compound 15 with benzenediazonium chloride in ethanol/sodium hydroxide solution gave the phenylhydrazone derivative 23. The reaction of 15 with malononitrile (2a) in the presence of 1,4-dioxane containing triethylamine gave the pyridine derivative 24. The analytical and spectral data of compound 24 are consistent with the assigned structure (cf. Scheme 4). 
Experimental
All melting points were determined in open capillaries and are uncorrected. Elemental analyses were performed on a Yanaco CHNS Corder elemental analyzer (Japan). IR spectra were measured using KBr discs on a Pye Unicam SP-1000 spectrophotometer. was heated under reflux for 3h then it was left to cool then poured on an ice water mixture containing a few drops of hydrochloric acid. The reaction mixture was left overnight to settle, the formed solid products in each case was collected by filtration, dried and crystallized from 1,4-dioxane. 
N-(5-Acetyl-3-cyano-4-(phenylamino)thiophen-2yl)acetamide (7)
To a solution of compound 3a (0.257 g, 1.0 mmol) in glacial acetic acid (7 mL), acetic anhydride (6) (0.10 mL, 1.0 mmol) was added. The reaction mixture was heated under reflux for 4h, and then poured on an ice/water mixture. The formed solid product was collected by filtration, dried and crystallized from dimethylformamide.
Dark brown crystals; yield: 85% (0.218 g); mp: 248˚C -250˚C. IR (KBr); υ/cm −1 = 3250, 3200 (2NH), 3150 (CH-aromatic), 2180 (CN), 1650, 1600 (2CO). 1 
Synthesis of thienopyridine derivatives 8a,b
To a solution of compound 3a (0.257 g, 1.0 mmol) in 1,4-dioxane (40 mL) containing triethylamine (5 drops) either malononitrile (2a) (0.06 g, 1.0 mmol) or ethyl cyanoacetate (2b) (0.11 g, 1.0 mmol) was added, the reaction mixture was heated under reflux for 3h, then poured on an ice /water mixture containing a few drops of hydrochloric acid. The formed solid product, in each case, was collected by filtration, dried and crystallized from dimethylformamide.
2-Acetyl-4,6-diamino-3-(phenylamino)thieno [2,3- 
Synthesis of thiophene derivatives 9a,b
Compound 3a (0.257 g, 1.0 mmol) with either malononitrile (2a) (0.06 g, 1.0 mmol) or ethyl cyanoacetate (2b) (0.11 g, 1.0 mmol) were fused in an oil bath at 120˚C for 1 h in the presence of anhydrous ammonium acetate (0.05 g). After cooling, the reaction mixture was heated in glacial acetic acid, and then poured on an ice/water mixture and the formed solid product in each case was collected by filtration and crystallized from dimethylformamide. (14) Dry sodium nitrite (0.070 g, 1.0 mmol) was slowly added, with stirring to 0.4 mL concentrated sulphuric acid with stirring while allowing the temperature to rise to 65˚C. The solution was then cooled to 0˚C -5˚C and a solution of compound 3a (0.257 g, 1.0 mmol) in a mixture of acetic acid/hydrochloric acid (17:3), was added drop wise and stirring was continued at 0˚C -5˚C for 1 h. The clear diazonium salt solution 12 thus, obtained was added immediately drop wise over 30 min with vigorous stirring on a cold solution of acetylacetone (13) 
N-[5-Acetyl-3-cyano-4-(phenylamino)thiophen-2-yl]-2-cyanoactamide (15)
To a solution of 3a (0.257 g, 1.0 mmol) in dimethylformamide (15 mL), ethyl cyanoacetate (2b) (0.11 g, 1.0 mmol) was added. The reaction mixture was heated under reflux for 4 h, and then poured on an ice/water mixture. The formed solid product was collected by filtration, dried and crystallized from 1,4-dioxane.
Pale yellow crystals; yield: 94% (0.241 g); mp: 145˚C -147˚C. IR (KBr): υ/cm −1 = 3400 (CH-aromatic), 3250, 3200 (2NH), 2250, 2200 (2CN), 1650, 1600 (2CO). 1 
Synthesis of benzylidene derivative 16 and coumarin derivative 18
To a solution of compound 15 (0.324 g, 1.0 mmol) in 1,4-dioxane (40 mL) containing piperidine (3 drops) either benzaldehyde (4) (0.10 g, 1.0 mmol) or salicylaldehyde (17) (0.12 g, 1.0 mmol) was added. The reaction mixture in each case was heated under reflux for 4 h, and then poured on an ice/water mixture containing a few drops of hydrochloric acid. The formed solid product in each case was collected by filtration, dried and crystallized from 1,4-dioxane. Synthesis of thiophene derivatives 22a-c Equimolar amounts of compound 15 (0.324 g, 1.0 mmol) and phenyl isothiocyanate (10) (0.13 g, 1.0 mmol) in dimethylformamide (20 mL) and potassium hydroxide (0.052 g, 1.0 mmol) were stirred at room temperature for 24 h, then the appropriate α-halocarbonyl compounds such as chloroacetone (21a) (0.09 g, 1.0 mmol), phenacyl bromide (21b) (0.199 g, 1.0 mmol) or ethyl chloroacetate (21c) (0.12 g, 1.0 mmol) was added while the stirring was continued at room temperature overnight. The solid products formed upon pouring on an ice/water mixture containing a few drops of hydrochloric acid were collected by filtration and crystallized from 1,4-dioxane.
N-[5-Acetyl-3-cyano-4-(phenylamino)thiophen-2-yl]-2-(cyano-3-phenylacrylamide
Reddish brown crystals; yield: 85% (0.275 g); mp: 208˚C -210˚C. IR (KBr): υ/cm −1 = 3400 (CH-aromatic), 3350 (NH 2 ), 3300, 3250 and 3200 (3NH), 2950 (CH-aliphatic), 2200 (CN), 1700, 1650 and 1600 (3 CO). 
N-[5-Acetyl-3-cyano-4-(phenylamino)thiophen-2-yl]-4-amino-5-benzoyl-2-(phenylamino)thiophene-3-carbox amide (22b)
Dark orange crystals; yield: 88% (0.285 g); mp: 234˚C -236˚C. IR (KBr): υ/cm −1 = 3400 (CH-aromatic), 3350 (NH 2 ), 3300, 3250, 3200 (3NH), 2200 (CN), 1700, 1650 and 1600 (3CO). 
Biological Activity

Material, Methods and Reagents:
Fetal bovine serum (FBS) and L-glutamine, were from Gibco Invitrogen Co. (Scotland, UK). RPMI-1640 medium was from Cambrex (New Jersey, USA). Dimethylsulfoxide (DMSO), doxorubicin, penicillin, streptomycin and sulforhodamine B (SRB) were from Sigma Chemical Co. (Saint Louis, USA). Samples Stock solutions of selected compounds from 3-24 were prepared in DMSO and kept at −20˚C. Appropriate dilutions of the compounds were freshly prepared just prior the assays. Final concentrations of DMSO did not interfere with the cell growth.
Cell Cultures: Three human tumor cell lines, MCF-7 (breast adenocarcinoma), NCI-H460 (non-small cell lung cancer), and SF-268 (CNS cancer) were used. MCF-7 was obtained from the European Collection of Cell Cultures (ECACC, Salisbury, UK) and NCI-H460 and SF-268 were kindly provided by the National Cancer Institute (NCI, Cairo, Egypt). They grow as monolayer and routinely maintained in RPMI-1640 medium supplemented with 5% heat inactivated FBS, 2 mM glutamine and antibiotics (penicillin 100 µ/mL, streptomycin 100 µg/mL), at 37˚C in a humidified atmosphere containing 5% CO 2 . Exponentially growing cells were obtained by plating 1.5 × 10 5 cells/mL for MCF-7 and SF-268 and 0.75 × 10 4 cells/mL for NCI-H460, followed by 24 h of incubation. The effect of the vehicle solvent (DMSO) on the growth of these cell lines was evaluated in all the experiments by exposing untreated control cells to the maximum concentration (0.5%) of DMSO used in each assay.
Effect on the growth of human tumor cell lines:
The effect of selected compounds from the newly synthesized products 3a-f-24 was evaluated on the in vitro growth of three human tumor cell lines representing different tumor types, namely, breast adenocarcinoma (MCF-7), non-small cell lung cancer (NCI-H460) and CNS cancer (SF-268), after a continuous exposure of 48 h. The results are summarized in Table 1 .
All the compounds were able to inhibit the growth of the human tumor cell lines in a dose-dependent manner (data not shown). Thiophene derivative 3d, thieno [2,3-b] pyridine derivatives 8a and 8b, hydrazone derivative 14 and the thiophene derivative 22a showed the best results, exhibiting an equivalent potency in all the three tumor cell lines which is still much lower than the gram positive control doxorubicin (cf. Figure 1) . It is convenient to note that compounds 8a, 8b and 14 showed cytotoxicity higher than that of doxorubicin. On the other hand, Dox compounds 3a, 3b, 7, 9a, 11, 16 and 22b showed moderated growth inhibitory effect. Comparing the activities of 3a and 3b it is observed that the ethyl carboxylate group in 3b presents a stronger growth inhibitory effect than the cyano substituent in 3a (cf. Figure 2) . It is clear from 
Scoring:
Poses generated by the placement methodology were scored using the London dG scoring function implemented in MOE, which estimates the free energy of binding of the ligand from the given pose. The top 10 poses for each ligand were output in MOE database. Each resulting ligand pose was then subjected to MMFF94x energy minimization. The minimized docking conformations were then re-scored using London dG scoring method. Validation of the function implemented in MOE was done by docking the native ligand (Thiophene Carboxamide) into its binding site; the docked results of the previous mentioned ligand were compared to the crystal structure of the bound ligand-protein complex. The RMSD of the docked ligand was 2.5 A 0 as it seems exactly superimposed on the native bound one. These results indicate the accuracy of the MOE in comparison with the biological methods.
In the present work all new compounds were docked using the rigid receptor/flexible ligand approach adopting five energy maps which are hydrophobicity, electrostatic, hydrogen bond formation and two Van der Waal parameters. The docking scores were expressed in energy terms of the lower the binding energy, the better binding affinity. The docking study displayed showed that most of the designed compounds have a promising affinity to inhibit CDK2. It is of a great value to mention that among our docking studies we find that the maximum inhibitory has been seen towards CDK2 for that reason we selected the thiophene derivatives 8a, 8b and 14 to be docked against such protein kinas' using thiophene carboxamide as a reference compound (Graphs 1-4) .
Conclusion
In summary, in vitro cell viability assays were employed to investigate the inhibition effect of twenty four compounds against the tumor cell lines. It was found that some analogs achieved promising cytotoxicity with IC 50 values lower than 5 μM against some cancer cell lines. Of particular note is the MCF-7 breast cancer cell line, 
